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Abbreviations
EDCI: N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride KHMDS: Potassium hexamethyldisilazane NaHMDS: Sodium hexamethyldisilazane
General
All the starting materials used are commercially available, unless otherwise described. For proton nuclear magnetic resonance ( 1 H NMR) spectra, chemical shift values ( ) (in ppm) are quoted relative to the internal standard tetramethylsilane ( = 0.00). The value of a multiplet, either defined doublet (d), triplet (t), quartet (q) or a range (m) is given. All organic solvents used were anhydrous, unless otherwise specified.
Flash chromatography was performed on silica gel. Appropriate mixtures of ethyl acetate, dichloromethane, methanol, petroleum ether (bp. 40-60 °C), and heptane were used as eluents unless otherwise noted.
PTSA/acetone
Ingenol-5,20-acetonide (2)
Procedure 1
Ingenol 3 (7.0 g, 20.1 mmol) was dissolved in a solution of p-toluenesulfonic acid monohydrate in acetone (0.2 mg/mL, 200 mL). The solution was stirred at room temperature for 1.5 h (TLC control). To this solution was added saturated aqueous solution of sodium hydrogencarbonate (2.0 mL). The obtained mixture was filtered. The filtrate was concentrated in vacuo. The residue was taken up in ethyl acetate (20 mL). To this solution was added petroleum ether (40 mL). The mixture was let stand for 2 h. The crystals were filtered and dried, giving 4.5 g of the title compound 2. The mother liquor was purified by S4 chromatography (petroleum ether/ethyl acetate 2:1 to 0:1), giving further 1.2 g of the title compound 2 and 0.6 g of unreacted ingenol 3. The total yield was 73 %, or 81 % based on recovered ingenol. 78, 139.43, 136.21, 129.49, 122.28, 100.57, 83.33, 79.93, 73.71, 72.81, 64.14, 43.98, 38.32, 31.13, 28.56, 26.54, 23.81, 23.48, 22.94, 21.13, 17.83, 15.69, 15.58 [(Z)-2-Methylbut-2-enoyl] 2,4,6-trichlorobenzoate (8)
Angelic acid 6 (601 mg, 6.0 mmol) was dissolved in dichloromethane (3.0 mL) under argon.
Diisopropylethylamine (1.23 mL, 7.20 mmol) was added at 5-10 ºC in a period of 1 min. To this solution was added 2,4,6-trichlorobenzoyl chloride (1.12 mL, 7.20 mmol) at 3-6 ºC in a period of 4 min. After the reaction solution had been stirred at 2 ºC for 45 min, petroleum ether (9.0 mL) was added. 71, 168.28, 137.73, 136.70, 136.07, 132.17, 128.60, 122.03, 100.43, 84.14, 81.85, 74.01, 72.37, 64.29, 43.70, 37.70, 31.20, 28.54, 26.70, 24.04, 23.52, 23.02, 20.88, 17.53, 15.68, 15.62, 14.51, 12.30 .
HRMS m/z calcd for C 28 H 38 O 6 (M+H) + 471.2747, found 471.2741. Table 2 .
General experimental for
2 4 5
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Reaction of angeloyl chloride 7 with 2
Ingenol-5,20-acetonide 2 was disolved in the appropriate solvent at rt. For the reaction conducted in the presence of a base, the base (1.15 equiv LHMDS, large excess pyridine, or 1.5 equiv DMAP) was added before the addition of angeloyl chloride 7 (1.5 equiv in entries 1,3,4 and 1.2 equiv in entry 2). Conversions and ratios of 4/5 were estimated from 1 H NMR of the crude reaction mixtures.
Experimental for entry 3, Table 3 NaHCO3/toluene 2 4
Ingenol-5,20-acetonide-3-angelate (4)
A mixture of ingenol-5,20-acetonide 2 (233 mg, 0.60 mmol), 52, 168.19, 138.04, 136.58, 135.99, 132.33, 127.86, 122.08, 100.44, 84.11, 81.47, 73.98, 72.31, 64.31, 43.71, 37.63, 31.03, 28.51, 26.74, 24.11, 23.39, 22.95, 20.89, 20.84, 17.38, 15.80, 15.72, 15.60 .
HRMS m/z calcd for C 28 H 38 O 6 (M+H) + 471.2747, found 471.2741.
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General procedure for Reaction of angelic anhydride 9 with 2
Ingenol 5,20-acetonide 2 was dissolved in the appropriate solvent at rt. For the reactions conducted in the presence of a base, the base (large excess pyridine, 1.5 equiv DMAP, 1.15 equiv LHMDS, 1.15 equiv NaHMDS, 1.15 equiv KHMDS) was added before the addition of angelic anhydride 9 (1.5 equiv in entries 1-3 and 1.2 equiv in entries 4-6). Conversions and angelate/tiglate ratios were estimated from 1 H NMR of the crude reaction mixtures.
Ingenol-5,20-acetonide angelate (See also Experimental for entry 3, Table 3 
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Procedure 2
Ingenol-5,20-acetonide 2 (10.00 g, 25.74 mmol) was dissolved in tetrahydrofuran (100 mL)
with stirring, and the solution was cooled to 10-15 °C. A solution of LHMDS in THF (1.0 M, 29.6 mL, 29.6 mmol) was added over a period of 10 minutes. Then a solution of angelic anhydride (5.51 mL, 5.62 g, 30.8 mmol) in THF (70 mL) was added during 15 minutes.
Ethyl acetate (200 mL) was added, and most of the reaction solvent (200 mL) was distilled off invacuo. Water (75 mL) was added to the remaining solution, and the mixture was agitated for 2 minutes. The water layer was removed, and the water wash was repeated once before the organic phase was concentrated in vacuo. The residue was dissolved in methanol (61 mL) by heating to reflux temperature followed by slow cooling to 5 °C. After 4 hours standing, the formed crystals were filtered off, rinsed with 5 °C methanol (2 x 5 mL) and dried under vacuum at 20 °C until constant weight. After 18 hours, ingenol-5,20-acetonide-3-angelate 4 (8.78 g, 73%) was obtained.
For analytical data, see experimental for entry 3, Table 3 .
Experimental for Table 5
Cs2CO3/CH3CN
Methyl 5-angeloyloxy-2-iodo-benzoate (entry 1, Table 5 )
To a solution of angelic anhydride (110 mg, 0.6 mmol) and methyl 5-hydroxy-2-iodobenzoate (140 mg, 0.5 mmol) in CH 3 CN (5 mL) was added Cs 2 CO 3 (195.5 mg, 0.6 mmol) at rt. After being stirred at the same temperature for 1 h, the mixture was concentrated in vacuo. 
Cs2CO3/CH3CN
Ingenol 3,20-di-angelate and ingenol 3,5,20-triangelate (entry 2, Table 5 33, 168.75, 168.46, 140.14, 138.54, 136.69, 136.20, 132.67, 129.68, 128.14, 127.63, 85.35, 83.19, 75.11, 72.34, 66.74, 44.03, 38.97, 31.44, 28.90, 24.49, 23.63, 23.48, 21.14, 20.96, 17.50, 16.30, 16.11, 15.97, 15 99, 169.40, 167.70, 167.02, 141.73, 139.16, 138.70, 136.40, 134.18, 132.45, 131.27, 128.10, 127.91, 127.29, 86.40, 82.49, 72.62, 65.97, 44.18, 38.86, 31.44, 28.83, 24.77, 23.59, 23.45, 21.11, 20.88, 17.44, 16.34, 16.18, 16.04, 15 
6-Angeloyl-1,2:3,4-bis-O-isopropylidene-α-D-galactopyranose (entry 3, Table 5) 1,2:3,4-Bis-O-isopropylidene-α-D-galactopyranose (520 mg, 2 mmol) was treated as described for preparation of methyl 2-angeloyloxy-5-methyl-benzoate (entry 18).
Chromatographic purification (PE/ethyl acetate 10:1) gave the title compound as an oil (562 mg, 82%). 93, 137.95, 127.77, 109.65, 108.74, 96.32, 71.21, 70.74, 70.54, 66.24, 63.26, 25.96, 25.00, 24.46, 20.57, 15.80 . 81, 136.57, 128.59, 73.88, 47.20, 41.16, 34.37, 31.47, 26.34, 23.49, 22.06, 20.84, 20.65, 16.33, 15.64 Jpn. 1993 Jpn. , 66, 1516 Jpn. -1527 .
LiHMDS/THF
3-Angeloyl-1,2:5,6-O-isopropylidene-allofuranose (entry 5, Table 5) 1,2:5,6-O-Isopropylidene-allofuranose (260 mg, 1 mmol) was treated as described for preparation of R-(-)-menthol angelate (entry 21). Chromatographic purification (PE/ethyl acetate 10:1→3:1) gave the title compound as an oil (330 mg, 96%).
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1 H NMR (300 MHz, CDCl 3 ) δ 6.14 (qq, J = 7.2, 1.5 Hz, 1H), 5. 1H), 2H), 1H), 1H), 4.08 (dd, J = 8.5, 6.8 Hz, 1H) 87, 139.40, 127.03, 112.95, 109.98, 104.26, 77.72, 77.64, 75.16, 72.66, 65.69, 26.76, 26.62, 26.24, 25.07, 20.47, 15.82 (p, J = 1.5 Hz, 3H), 1.38/1.39 (s, 6H).
13
C NMR (75 MHz, CDCl 3 ) δ 166. 84, 161.15, 156.37, 153.40, 143.82, 139.15, 127.39, 126.70, 114.22, 112.58, 112.12, 107.17, 76.60, 69.29, 24.83, 23.19, 22.83, 20.53, 15.76 Ingenol-3-angelate (1)
Procedure 1
A solution of ingenol-5,20-acetonide-3-angelate 2 (772 mg, 1.64 mmol) in methanol (15 mL), which contained 1 % of concentrated aqueous hydrochloric acid solution, was stirred at room temperature for 1 h. The solution was concentrated in vacuo. The residue was purified by chromatography (petroleum ether/ethyl acetate 3:1 to 0:1), giving the product 1 (701 mg, 99 %), which contained less than 1 % of ingenol-3-tiglate.
Procedure 2
Ingenol-5,20-acetonide-3-angelate 2 (6.00 g, 12.75 mmol) was suspended in 2-propanol (152 mL) and stirred at 20 °C. A solution of phosphoric acid (15.00 g, 153 mmol) in water (8 mL)
was added, and the suspension was heated to 30-35 °C. The resulting clear solution was stirred for 7 days. The reaction mixture was cooled to 20 °C and diluted with methyl tert-S15 butyl ether (500 mL). Water (100 mL) was added, and the mixture was agitated for 2 minutes. The water layer was removed, and the water wash was repeated four times before the organic phase was concentrated under vacuum. Methyl tert-butyl ether (200 mL) was added followed by concentration to dryness. The crude product contained > 95 % ingenol-3-angelate. The residue was dissolved in acetonitrile (20 mL) by heating to reflux temperature.
The solution was cooled to 5 °C. After 24 hours standing at 5 °C, the precipitated product was filtered off, rinsed with 5 °C acetonitrile (2 x 5 mL) and dried under vacuum at 20 °C until constant weight. After 18 hours, ingenol-3-angelate 1 (3.91 g, 71%) was obtained. 29, 168.98, 140.00, 139.70, 136.24, 132.47, 128.67, 127.75, 85.21, 82.93, 77.12, 72.34, 67.67, 43.89, 38.74, 31.46, 28.93, 24.41, 23.73, 23.42, 21.16, 17.59, 16.32, 15.98, 15 
